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We use a simple example to illustrate why it is not possible to consider that a measurement reveals
an underlying objective reality of a property of a quantum system, that continues the same after the
measurement is performed. This kind of incompatibility between realism and quantum mechanics
is theoretically demonstrated with an example where sequential spin measurements are performed
on a spin-2 quantum particle. We discuss the relation of this result with other investigations about
realism and quantum mechanics. In particular, we criticize the realistic view adopted on recent
discussions about the reality of the quantum state.
Investigations about the possibility or not of a realis-
tic interpretation of quantum phenomena, in which one
could ascribe an objective reality to properties of a quan-
tum system, generated intense and fruitful debates in
the past 90 years. The Einstein-Podolsky-Rosen (EPR)
paradox [1, 2], Bell inequalities [3, 4], quantum contextu-
ality [5–8], investigations about the reality of a quantum
state [9–14] and other discussions [8, 15] continuously fu-
eled such debate. The recent experimental violation of
Bell inequalities simultaneously closing the detection ef-
ficiency and locality loopholes [16–18] show that, under
certain reasonable assumptions such as free will and ab-
sence of superdeterminism, there can be no local realistic
description of Nature. Quantum contextuality, on the
other hand, shows that it is impossible to simultaneously
ascribe definite objective values for all quantities that can
(in principle) be measured in quantum systems [8].
Here we extend this discussion by illustrating how, ac-
cording to the quantum mechanical laws, it is not possi-
ble to consider that a measurement reveals an underly-
ing objective reality of a property of a quantum system
prior to the measurement procedure, that continues the
same after the measurement is performed. This behav-
ior completely contradicts the classical view of measure-
ments, where their purpose is exactly to obtain informa-
tion about the properties of a system, that would exist
independently of the act of measuring them. This re-
sult is demonstrated below in a simple example where
sequential spin measurements are performed on a spin-2
quantum particle. We also discuss here the relation of
this result with other investigations about the possibility
or not of a realistic interpretation of quantum phenom-
ena. In particular, we discuss that the assumption that
a quantum system has a real physical state independent
of the observer, adopted on recent discussions about the
reality of the quantum state [9–14], may be a strong as-
sumption.
Consider the sequential spin measurements performed
on a spin-2 particle represented in Fig. 1. The first
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Stern-Gerlach apparatus measures the x component of
the particle spin, resulting in the value 2~. The system
state after this measurement can be written as
|2〉x = 1
4
|2〉z + 1
2
|1〉z +
√
6
4
|0〉z + 1
2
|−1〉z + 1
4
|−2〉z, (1)
where |m〉i represent an eigenstate of Si (the i-th com-
ponent of the particle spin) with eigenvalue m~ [19]. So
there is a nonzero probability that a measurement of Sz
performed on a particle in this state results in 2~, as de-
picted in Fig. 1. In this paper we criticize possible realis-
tic interpretations about the system ontological physical
state at the time between these two measurements.
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FIG. 1. Sequential Stern-Gerlach measurements performed
on a spin-2 particle. A measurement of Sx results in 2~ and
a sequential measurement of Sz also results in 2~.
As we show in the following, we have to abandon at
least one of the two following assertions related to the
system ontological state between the two Stern-Gerlach
measurements depicted in Fig. 1:
• (a) the quantity Sx = 2~ has an objective reality
for a system in the state of Eq. (1); or
• (b) a measurement of Sz reveals a pre-existing value
for this quantity.
The reason is simple: If both assertions above are true,
we conclude that S2x = S
2
z = 4~2 at a time between the
measurements in the treated example, such that
S2 = S2x + S
2
y + S
2
z ≥ 8~2, (2)
since the possible values that S2y can assume are positive
or zero. However, for a spin-2 particle a measurement of
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2S2 must result in 6~2, what leads us to the conclusion
that Eq. (2) is incompatible with quantum mechanics.
So at least one of the two assertions (a) or (b) stated
above must be false.
In the example of Fig. 1, the result of the first mea-
surement (of Sx) is naturally consistent with assertion
(a), since sequential measurements of Sx would certainly
result in this same experimental value. However, the sec-
ond measurement (of Sz) is naturally consistent with as-
sertion (b), since we associate a particular particle de-
flection with a particular value for the spin component
along the magnetic field direction because we can cal-
culate, using the electrodynamics laws, what is the spin
component that gives rise to this particular particle de-
flection in the Stern-Gerlach apparatus. On this way, it
is very interesting to note that both assertions cannot be
right, such that we must abandon our classical view of
the measurement procedure in quantum systems. Also,
it is clear that we cannot assume that the particle has a
magnetic moment pointing in a particular direction, but
that the quantum mechanical formalism is unable to tell
which direction, since this view would lead to the valid-
ity of Eq. (2) in the treated example, contradicting the
quantum mechanical predictions.
Similar paradoxes arise with particles with other spin
quantum numbers s. If two sequential measurements of
orthogonal components of the particle spin are found to
have values with the maximum possible modulus s~, the
paradox appears if the sum of these values squared is
greater than the value of S2, i.e., if 2s2~2 > s(s + 1)~2.
So we may have a paradox whenever s > 1. s = 3/2 is
the lower dimension case, but we’ve chosen an example
with s = 2 for aesthetic reasons, avoiding the presence of
too many fractions along the text.
The word ‘realism’ may have different meanings when
applied to physical theories, and in the following we dis-
cuss how our results affect the possibility or not of a re-
alistic interpretation of quantum mechanics in different
contexts for the expression ‘realistic’.
It is usual to say that, in view of the Bell inequal-
ities, the EPR notion of local realism is incompatible
with quantum mechanics. But by considering the pre-
sented results we can say that that, with the assump-
tion that measurements reveal an independent ontologi-
cal value for a property of a quantum system, the EPR
criterion of physical reality (with no mention to locality)
would be already incompatible with quantum mechan-
ics. This criterion states that “if, without in any way
disturbing a system, we can predict with certainty (i.e.,
with probability equal to unity), the value of a physical
quantity, then there exists an element of physical reality
corresponding to this physical quantity” [1]. This cri-
terion leads directly to assertion (a), since the state of
Eq. (1) is in an eigenstate of Sx, such that the value of
the physical quantity associated to this observable can
be predicted with certainty, without further disturbance.
So we conclude that the EPR criterion of physical reality
is inconsistent with assertion (b), such that at least one
of them must be abandoned.
In the context of Bell inequalities [3, 4, 16–18], the ex-
pression ‘realism’ is associated to the existence of hidden
variables λ, not considered in the quantum theory, that
would determine (possibly in a probabilistic manner) the
values that would be obtained in the measurements of
physical properties of the system. A similar ‘hidden vari-
ables’ view is adopted on the recent discussions about if
the quantum state corresponds directly to reality or if it
represents our knowledge about a system underlying re-
ality [9–14]. In all these recent works about the reality of
the quantum state there is the assumption that “a sys-
tem has a ‘real physical state’ not necessarily completely
described by quantum theory, but objective and inde-
pendent of the observer” [9]. For being consistent with
the results presented here, the hidden variables λ should
determine values for the quantities S2x, S
2
z and S
2
x + S
2
z
independently, with the third variable not being neces-
sarily equal to the sum of the first two. On this way,
the quantum description of the spin angular momentum
would be only an apparent manifestation of the hidden
variables, not a fundamental description of the system.
On these terms, we can have a realistic description of
the system independently of the act of measurement, as
assumed in Refs. [9–14], by denying an objective reality
for the spin angular momentum variables and keeping an
objective reality for the hidden variables.
But when we consider how measurements are physi-
cally implemented, we see that this is not a very satisfac-
tory interpretation. Let us take the previous example of
a Stern-Gerlach measurement on a neutral particle with
spin number s > 1. As stated before, we can associate
different particle deflections with different values for the
spin component along the magnetic field direction be-
cause we can calculate, using the electrodynamics laws,
which particular spin component gives rise to each par-
ticular particle deflection. In our opinion, to deny an
objective reality for the particle spin component, but to
keep an objective reality for unknown hidden variables
that act on the particle motion based on unknown phys-
ical laws resulting in exactly the same motion that is
obtained with the assumption of the physical existence
of the spin component, is not very satisfactory. A satis-
factory description of such experiment in terms of hidden
variables, in our opinion, would be that hidden variables
with definite existence would give rise to a definite spin
component in a particular direction, justifying the ob-
served particle deflection. But this description, at the
time between the two measurements in the example il-
lustrated in Fig. 1, implicitly uses both assertions (a)
and (b) when describing the previous measurement of Sx
and the posterior measurement of Sz respectively, such
that it cannot be correct. So the realistic assumption
adopted by Refs. [9–14] is a strong assumption in our
opinion.
The paradoxical behavior exposed with the treated ex-
ample is related to von Neuman’s argument that for two
quantities associated to operators A and B that do not
3commute, the quantity associated to the operator A+B
is not the sum of the quantities associated to A and B
separately [20, 21]. Since [S2x, S
2
z ] 6= 0, the violation of
Eq. (2) can be seen as an explicit demonstration of von
Neumann’s argument.
In summary, we have demonstrated with a simple ex-
ample that we cannot consider that a measurement per-
formed on a quantum system reveals the underlying on-
tological value of the measured quantity, that continues
the same after the measurement is performed. To finish,
we can provide a response to the famous question formu-
lated by Einstein when discussing the relation between
realism and quantum mechanics: “Do you really believe
the moon exists only when you look at it?” [22]. Ac-
cording to the present results, if the moon is a metaphor
for a spin angular momentum component, we should an-
swer that we cannot believe on its independent existence
even when we are seeing it shining on the sky. Following
Bohr, who believed that quantum mechanics describes
quantum systems interacting with measurement appa-
ratuses, not quantum systems themselves, we could say
that the moonlight does not show the moon independent
existence because the moonlight is not a property of the
moon alone, but a property of the moon interacting with
our eyes.
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